Abstract Apricot (Prunus sp.) is an important fruit crop worldwide. Despite recent advances in apricot research, much is still to be done to improve its productivity and environmental adaptability. The availability of wild apricot germplasms with economically interesting traits is a strong incentive to increase research panels toward improving its economic, environmental and nutritional characteristics. New technologies and genomic studies have generated a large amount of raw data that the mining and exploitation can help decrypt the biology of apricot and enhance its agronomic values. Here, we outline recent findings in relation to apricot production, pomological and nutraceutical properties. In particular, we retrace its origin from central Asia and the path it took to attain Europe and other production areas around the Mediterranean basin while locating it in the rosaceae family and referring to its genetic diversities and new attempts of classification. The production, nutritional, and nutraceutical importance of apricot are recapped in an easy readable and comparable way. We also highlight and discuss the effects of late frost damages on apricot production over different growth stages, from swollen buds to green fruits formation. Issues related to the length of production season and biotic and abiotic environmental challenges are also discussed with future perspective on how to lengthen the production season without compromising the fruit quality and productivity.
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Keywords Apricot kernel oil Á Plum pox virus Á Prunus armeniaca Á Spring frost Á Stone fruit Á Sharka Apricot: a stone fruit in a large family Apricot (Prunus sp.) is an important fruit crop worldwide, belonging to a large family, the Rosaceae, that contains about 100 genera and 2830-3100 species (Hummer and Janick 2009 ). Different physiological and morphological characteristics are the origin of a complex taxonomy pattern of this family that includes many taxon levels (i.e., subfamilies, tribes, subgenera, and sections) (Fig. 1) . Although molecular genetics findings have introduced new taxonomical rearrangements, the classification is still controversial at least for some taxon groups in the Rosaceae (Potter et al. 2007; Shi et al. 2013) . The number of subfamilies for example has been reduced into three: Rosoideae, Amygdaloideae, and Dryadoideae (Potter et al. 2007 ). The first subfamily, Rosoideae, harbors several notable plants such as roses and berries. The subfamily Amygdaloideae (also known as Prunoideae) contains the most common stone fruits genera: Pyrus (e.g., pear), Malus (e.g., apple), and Prunus (e.g., apricot). The genus Prunus has been recently divided into three subgenera after it was containing five previously . Almonds and peaches, formerly placed under the subgenus Amygdalus, are now placed under the subgenus Prunus, which is also divided into different sections. Both common apricot (P. armeniaca) and Japanese apricot (Prunus mume) are parts of the section Armeniaca.
Apricot deep roots in Asia
The origin of apricot ( Fig. 2) seems to be deeply rooted in three Asian interconnected regions (Vavilov 1951; Faust et al. 1998 ): the first is China where some wild type varieties are still growing there naturally ). The second is central Asia, and the third is the Near East region, including the Irano-Caucasian territory, which is considered as a second center of origin of apricots. The domestication of apricot would have taken at the first place in China (Janick and Moore 1996) where Japanese varieties would originate too (Yoshida 1998) . The European apricots in turn seem to be originated from the Irano-Caucasian region by two ways: through a North Africa road to South Europe and from Central Europe to Western Europe (Bourguiba et al. 2012) . European varieties have then been introduced into the Americas. However, some classifications show complex taxonomy patterns between European and American varieties (Hagen et al. 2002) . Some Southern Europe varieties also seem to be reintroduced back into North Africa (Bourguiba et al. 2013) . The name of apricot in Latin languages derives from the Arabic ''al-barquq''.
Nowadays, apricot is mainly grown in the Mediterranean Basin and moderate regions including ex-Soviet Union countries, Iran, China, Japan, South Africa and the United States (Asma 2007) . The apricot worldwide production varies from region to another according to the Food and Agriculture Organization (FAO)* of the United Nations, the top producers over 20 years (from 1994 to 2014) (Fig. 3a) are Turkey with up to 10 million tonnes, followed by Iran (about 6 million tonnes) and Uzbekistan (about * 4 million tonnes), making Asia as the first producing region of apricots with more than 50% of the worldwide production, followed by Europe (27%) and Africa -14%) (Fig. 3b) .
Each of these regions has its specific varieties that have been progressively adapted to the prevailing climate conditions. In India, apricot trees growing at 6000 m of altitude can survive at severe cold temperatures as low as -35°C (Kumar et al. 2009 Fig. 1 Classification of the Rosaceae family. Most common genera and species of Rosaceae are shown according to Potter et al. (2007) and Shi et al. (2013) . Subtribes were omitted for simplification purposes. The genomes of boxed species have been already sequenced areas (Hagen et al. 2002) . However, most classifications harbor a certain number of outliers. Other apricot classifications are based on reproduction methods, such as sexual or asexual methods (i.e., grafting versus seeds) (Bourguiba et al. 2010) or fruit processing types or purposes (Yılmaz et al. 2009 ).
Apricot diversity and domestication
The first step in apricot domestication is the selection, among a large wild type population, of some varieties with desirable characteristics. Then, the selected variety is maintained and optimized over generations. One of the first places of domestication was Anatolia, in Turkey, more than 2000 years ago where apricot was introduced either by Alexander the Great during his conquer campaigns of Asia (334 BC) or by merchants who trade with apricot seeds from China and Central Asia alongside the Silk Road (Fig. 2) or by Romans during their campaigns to the Near East region (Syria, Iran, and Caucasus) (Yilmaz and Gurcan 2012) .
Whatever the road of apricot domestication, the introduction of apricot into new ecological destinations has contributed to the enrichment of apricot varieties with enhanced genetic diversities (i.e., allelic polymorphism, heterozygosity, etc.). Nonetheless, China, Central Asia, and Irano-Caucasian regions are still harboring important diverse populations of wild types compared with central Europe (Akpınar et al. 2010; Yilmaz and Gurcan 2012) . However, the genetic diversity of apricot tends to decrease from the Irano-Caucasian region up to Europe (Bourguiba et al. 2012) (Table 1) . Among the potential reasons behind genetic impoverishment in central Europe is that most of the apricot species grown in this region would have been originated from three cultivars only and/or from selfcompatible cultivars (Pedryc et al. 2009) . A poor genetic variation is also observed in North Africa that has witnessed several waves of apricot domestication (Bourguiba et al. 2013) . The genome of apricot is still not fully sequenced. However, as Peach and Japanese apricot seem to share high sequence similarity (Cross 2015) , important information on apricot diversity could be obtained from relative pedigree species that the genomic sequences are already available.
Apricot fruit development
Depending on the regions and varieties, the apricots start to bloom usually around mid-March. The number of blooming flowers depends on environmental and genetic factors and on the nutrient reserves that have been accumulated during the previous season. Consequently, the overall yield of apricot depends on the total number of flowers, the variety, the rate of successful pollination, the environmental biotic and abiotic stresses, and the percentage of fruits that reach full development stages Ruiz and Egea 2008) .
The fruits of the Prunus genera develop in general in three distinct stages. The first is a rapid growth phase (of about 3-4 weeks) controlled by cell division and cell expansion mechanisms. The second is a slow growth stage during which the fruit stone starts to harden gradually by lignification of cell walls. This stage could last several weeks in early-maturing varieties and longer in late-maturing varieties. The third stage is a maturation stage corresponding to rapid fruit growth that usually begins 4-6 weeks before harvest, during which sugars, ethylene and aroma compounds accumulate rapidly (Durmaz et al. 2010; Baldicchi et al. 2015) . The three stages vary in length and intensity, depending on species and environmental conditions (temperatures, light, etc.) . While the first and third stages in Prunus mume are relatively long, the second phase is short and almost invisible (Yamaguchi et al. 2004) . However, high rates of cell division in the first stage are observed in different varieties of peach, apricot, and Prunus mume with high yields (Scorzal et al. 1991; Yamaguchi et al. 2004; Olmstead et al. 2007; Baldicchi et al. 2015) . The numbers of cells but not their sizes also seem to contribute to the final apricot yield (Scorzal et al. 1991; Yamaguchi et al. 2004; Olmstead et al. 2007 ). The colors of developed or mature fruits vary from yellow to golden and from orange to red, and the ratio of fruit flesh to seed is an important determinant factor of fruit quality and maturation.
Nutritional and pharmaceutical values of apricot
Apricot is considered as one of the most delicious fruits of moderate regions (Faust et al. 1998 ). The fruits can be consumed fresh, dried or conserved in jam or marmalades or fruit bars. Fruit drying could be performed either manually or traditionally on large outspread sheets under natural insolation conditions, without any treatment, or after treatment with sulfur vapor that help preserve fruit colors and extends their storage period. Naturally dried fruits turn into brown color but the drying method has many important advantages over industrial or sulfur dioxide (SO 2 ) processing including, for example, simplicity, cost effectiveness and safety. Sulfur-treatment approach, on the other hand, keeps fruit brighter with more consistent textures, but with sulfur traces that raise some health concerns. The level of sulfur dioxide allowed in dried fruits is regulated and varies from country to country (usually between 2500 and 3000 ppm) (Somogyi et al. 1996) , therefore the amount of SO 2 used must be carefully controlled. Fruit drying by combining osmo-air dehydration (dipping fruits in sucrose syrup followed by air drying) is also used (Raj et al. 2015; İspir and Togrul 2009; Riva et al. 2005) .
Apricot fruits contain good amounts of sugars, fibers, proteins, minerals and vitamins (Table 2 ). These variable nutrients make the apricot as a ''golden'' food crop from nutritional and medicinal viewpoints. The pomological and nutraceutical properties of apricot vary depending on apricot varieties, cultivation systems, storage conditions fruit and developmental stages (Ruiz et al. 2005a, b; Drogoudi et al. 2008; Goliáš et al. 2013; Bae et al. 2014) . During the maturation phase, for example, the rates of organic acids (i.e., citric and malic acids) decrease while those of sugars, particularly sucrose and glucose rise noticeably Antioxidants in general are known for their positive effects against many diseases such as cancers and diabetes. Such important proprieties make many apricot products as functional or medicinal food (Ruiz et al. 2005a, b) . The fruit contains more than 200 volatile compounds including, for example, esters, alcohols, and aldehydes whose concentrations vary between cultivars (Guillot et al. 2006 ). The total carotenoid content could range between 1512 and 16,500 lg 100 g -1 of edible portion, with b-carotene as a main pigment followed by b-cryptoxanthin and c-carotene (Ruiz et al. 2005a, b) . Most apricot varieties are good sources of phenolic compounds (4233.70-8180.49 mg of gallic acid equiv/100 g of dry weight), carotenoids (14.83-91.89 mg of b-carotene equiv/100 g of dry weight), and b-carotene (5.74-48.69 mg/100 g of dry weight) (Akin et al. 2008 ). The total sugar content could reach up to 90 mg/100 g in some varieties and vitamin C up to 100 mg/100 g of dry weights (Akin et al. 2008) . In a recent study (Karabulut et al. 2014) , it was reported that apricot could attenuate apoptosis and oxidative stress in liver carcinogenesis when combined with radiotherapy (Karabulut et al. 2014) . Another study reports that 5% of sundried organic apricot food supplementation over 3 weeks has beneficial effects on liver regeneration (Yilmaz et al. 2013) . Previously, it was reported that apricot-rich diet could have a preventive role on histopathological changes caused by alcohol in rat testes (Kurus et al. 2009 ). Except for vitamin C, dried fruits are richer in nutritional values The number of individuals of each population is given in parentheses (first column) and SSR (simple sequence repeats) markers provided in the second column. Allele numbers are provided as absolute values or allelic richness (*, **) (i.e. the average number of alleles per locus for a given population [19* or 16**]). Ranges of the heterozygosity observed (H o ) over the heterozygosity expected (H e ) are also provided with the number of markers within that span than the same weight of raw fruits (Table 1) . About 30 g of dried fruits could supply the recommended daily value of vitamin A (Drogoudi et al. 2008 ).
Although some rare cases of cyanide toxicity in kernels were reported (Kurus et al. 2009; Akil et al. 2013) , though some of them are contested (Senthilkumaran et al. 2015) , the kernel oil could be used in cosmetics and medicinal admixtures as a source of lipophilic compounds, such as tocopherols, phytosterols, and fatty acids. The use of apricot kernel oil as a nutritional supplement can improve the chemotherapy-associated immunosuppression in rats (Tian et al. 2016 ) and inhibit the growth of carcinoma tumors (Yamshanov et al. 2016) . Apricot kernel extracts (with or without oil) also seem to have anti-inflammatory effects and could improve bowel disorders such as ulcerative colitis (Minaiyan et al. 2014) . Finally, the kernel press cake (the solid remains after pressing the kernel to extract oil) contains up to 70% proteins and can be used in preparations of protein isolates to improve the nutritional status of some food supplements (Sharma et al. 2010 ). However, the nutritional and nutraceutical mentioned above vary largely as a function of the approaches being used to process and storage the apricot fruits. For example, canning and freezing can retain apricot bioactive compounds while preserving the fruit pulp up to 12 months (Wani et al. 2018) . By contrast, thermal and mechanical processing approaches reduce the bioactivity of many fruit compounds compared with non-thermal approaches, such as gamma and ultraviolet sterilizations (Al Juhaimi et al. 2018a) or cold (Al Juhaimi et al. 2018b ).
Mechanisms to improve apricot yield under environmental constraints
The yield of apricot could be affected by many genetic and environmental factors (biotic and abiotic conditions). The Sharka, for example, is a major viral disease that severely affects apricot and other stone fruits (Levy et al. 2000; Cambra et al. 2006 ). The first description of this illness was reported in 1915 on plum trees in Bulgaria, where it was named as ''Sarka po slivite'' (''pox of plum''). Then, it has appeared in Turkey in mid-1960s and in the Americas in 1990s. The pathogenic agent of the Sharka is a Potyvirus, known as Plum Pox Virus (PPV). Many strains of the virus have been identified so far, such as the PPV-rec and the PPV-T that could be transmitted and infect new tree populations through aphids (sap-sucking insects). Four to six aphid species are considered as major transmitters that could acquire the virus as quickly as 30 s of feeding on infected plant sap (Levy et al. 2000) . The infection symptoms are variable, depending on the host, the viral strain, the environment and time of infection, and could manifest by the appearance of visible yellow or brown blotches or rings on the infected tissues and the deformation of leaves, seeds and fruits (bumpy fruits). A long latency between infection and symptoms may reach up 2 years, making the diagnosis of the disease somewhat tricky (Rubio et al. 2014) . In other words, the disease can be chronic or latent so that only molecular approaches could detect the presence of the virus.
No efficient treatments exist so far to eradicate the disease completely, though insecticides are commonly used against the infection and transmission agents (aphid populations) but with mixed efficiency due to the non-persistent transmission manner of the virus. However, the risk of infection could be reduced by applying preventive procedures such as the removal of infected plants and tissues and the use of virus-free certified materials by the application of quarantine precaution. Other approaches consist to place the plants in cold conditions (vernalization chamber) to impose dormancy and fulfill chilling requirements and then record any potential symptoms that may appear as a sign of latent infections (Rubio et al. 2014) . Some peach and apricot cultivars are partially resistant to the virus where no symptoms or limited symptoms only appear while plants harbor the virus at a level that it is usually harmful for sensitive cultivars (Escalettes et al. 2006) . Some contradictory results were observed in some cultivars between field and greenhouse conditions (Rubio et al. 2014 ). The cultivar Goldrich, for example, is classified by some as partially resistant to the Sharka virus (Escalettes et al. 2006 ) but others consider it as a fully resistant cultivar (Rubio et al. 2014) . Biotechnology approaches (Ilardi and Tavazza 2015) and programs to breed Sharka-resistant apricots are under investigation worldwide (Fideghelli and Della Strada 2010; Yilmaz and Gurcan 2012; Ç aglayan et al. 2013 ). Transformation methods have been reported for several Prunus species including apricot, but the efficiency is still non-conclusive (Yamane 2014) . Some strategies to increase resistance to the Sharka virus consist of breaking down the viral genes (gene silencing), or targeting plant proteins that potentially interact with viral components. The first approach was successfully used to create a resistant plum variety called HoneySweet, which has been approved for cultivation in the United States of America. Other plum transformants show resistance to the virus in greenhouse conditions (Ravelonandro et al. 2014; García-Almodóvar et al. 2015) . Although the transformation and regeneration of commercial varieties of woody fruit crops including apricot (Prunus armeniaca L.) are not easy, some studies have reported the transformation of apricot leave explants using Agrobacterium tumefaciens (Petri et al. , 2004 . The transformation approach could consist of infecting apricot leaves for 10 min in a bacterial suspension (cultured for 24 h in a medium containing 500 1/4M AS and diluted to about 107 cfu ml -1 ), with a co-culture time of 4 days in the presence of l00 M acetosyringone (Petri et al. 2004) . Recently, an RNAi-mediated gene silencing approach was also used to produce plum rootstocks that seem to be resistant to the crown gall disease but failed to produce the same trait in apricot (Alburquerque et al. 2017 ). The advantage of using genetically engineered rootstocks in rosaceae species is that, rootstocks could be grafted with standard non-transgenic commercial scion cultivars to produce non-genetically modified varieties to address the public's concerns regarding genetically modified fruits (Alburquerque et al. 2017) .
In sum, as there is no efficient treatment for viral diseases in general, the prevention and control measures of the Sharka disease in apricot could comprise the use of certified virus-free nursery stocks, the use of resistant species or varieties (when available), the control of insect vectors (aphid populations), the suppression of contaminated trees, and the enhancement of national and international quarantine regulations.
Effects of spring frost on apricot yield
Cold has positive and negative effects on apricot. The hibernal cold dormancy plays a vital role in crop survival during the cold season. Dormancy is defined as a period of stopped or reduced metabolic and physiological activities to cope with internal and external factors associated with chilling requirements. Different types of dormancy have been described, on the basis of organ or growth-inhibiting factors (Zhong et al. 2013) , including for example organ dormancy (seed or bud dormancy) and environmental dormancy (winter or summer dormancy). Buds enter an endo-dormancy by internal growth inhibition mechanisms, but they keep their ability to grow when the surrounding environmental conditions are favorable. In Prunus mume, some flowers and vegetative buds start to develop as early as June (Yamane 2014) but they remain dormant until the next growth season. In the Northern Hemisphere, however, the ecodormancy in Prunus mume, peaches and apricots start typically in winter, from the end of December to the end of January (Yamane 2014; Zhong et al. 2013; Szymajda et al. 2013) .
Apricot has mild-to-high chilling requirements that vary among cultivars ) and play important roles to ensure simultaneous flowering and synchronized fruit harvesting. By contrast, warm winters that disturb the chilling requirements cycles reduce the annual yield and degrade fruit quality (Ghrab et al. 2014 ). Campoy and colleagues (Campoy et al. 2013) report that artificial exposure of apricot shoots to warm temperature degrees results in negative effects on the fruit production (Campoy et al. 2013) .
Another positive effect of cold is that, plants exposed to early moderate non-freezing cold temperatures tend to develop resistance to future freezing temperatures (cold acclimation). Extended moderate temperatures in early autumn could enhance plant survival during harsh winters later. The positive effects of cold acclimation, however, depend on species and intensity of acclimation conditions. Similar conditions can improve the acclimation capacity in one species, but reduce it in another species. Differential cold-sensing mechanisms could affect the start point of the dormancy. In this context, different models to calculate chilling requirement units have been suggested, taking into account the negative effects of the temperatures above and below the optimal range, in addition to the potential reversibility of cold accumulation (Ghrab et al. 2014; Yamane 2014) . It is worth noting, however, that plant response to its environment is not triggered only at the beginning of the acclimation process but also during the acclimation process itself. Apricot trees could adjust their endodormancy as a function of ambient temperatures (Campoy et al. 2013) .
The mechanisms of acclimation (freezing tolerance) and deacclimation (loss of freezing tolerance) are usually associated with each other. Cold acclimation is a gradual increase of tolerance to freezing during exposure to low non-freezing temperatures. There is ample evidence that during this process, numerous endogenous metabolic changes accompany the transition to the cold hardiness state such as the synthesis and accumulation of compatible solutes compounds and cryoprotectants (e.g., amino acids, carbohydrates, sugars and proteins) that play protective roles of the photosynthetic machinery and cell membranes stability (Stushnoff et al. 1993) . Conversely, during the deacclimation process, there is a substantial reduction in compatible solute compounds that explain, at least in part, the susceptibility of plant tissues to low temperatures. The comparison of four different peach cultivars showed that peach varieties of different cold-tolerance capabilities displayed variable responses to cold/warm cycles during ecodormancy (Shin et al. 2015) . While cold tolerant peaches withstood 4 cycles before bud burst, cold sensitive peaches enter a bud burst phase after two cold/warm cycles with buds that are still moderately resistant (Shin et al. 2015) .
As apricots start to bloom by the end of March, they become completely deacclimated and sensitive to low temperatures. Frosts in this period (spring frost) could be extremely harmful with up to 90% yield loss. Spring frost occurs sometimes later, by the end of April, causing severe damages to both flowers and freshly produced fruits. Figure 4 illustrates the range of temperatures that kills up to 10 or 90% of flowers and fruits during the different developmental stages. For example, an exposure to 3.8°C for 30 min kills up to 90% of freshly formed fruits (Fig. 4) .
On another hand, drought stresses and water deficits also affect the rates and composition of membrane lipids, fatty acids, ethylene release and lipoxygenase activity in stressed apricot plants (Guo and Li 2002) . Water-stressed trees also suffer from a decreased water potential (ww) and water conductance ) that could affect both plant growth and fruit yield (Pérez-Pastor et al. 2009 ). To improve drought resistance in apricot, water stress preconditioning could be considered in young plants (RuizSanchez et al. 2000) by for example reducing the amount of irrigation water while increasing its frequency over a month or so, which could promote plant hardening in later stages (Ruiz-Sanchez et al. 2000) . However, some conditions of deficit irrigations seem to be commercially advantageous to produce fruits with higher values of total soluble solids (TSS), titratable acidity and hue angle while saving important amount of irrigation water ).
Harvest later, benefit better?
The maturation of apricot fruits in low altitude regions is in general earlier than in high altitudes. However, and as mentioned above, in moderate regions spring frost is one of the main factors that limit the annual yield of apricot and other stone fruit trees that sometimes bloom early under favorable spring warm days. To reduce the damages of such freezes and maximize the fruit profit, old and new approaches ranging from simple and cheap to complicated and costly are being used with plus or minus efficiency. These include for example but not limited to the selection of appropriate cultivation site, the use of orchard heaters or wind machines, or the use of water sprinklers prior and at the expected date of frost. However, the selection of lateblooming cultivars or delaying blooming can be cheaper and more effective than other methods. Although trees or buds are rarely injured by cold during dormancy, they become more sensitive when they are near blooming and afterwards. Delaying flowering and extending the maturing seasons is thus of a particular interest to protect apricots from late frosts and to meet both farmers' and consumers' requirements. One of the potential methods toward such objective is to combine as many quality and quantity characteristics in the bred varieties. This could be achieved for example by taking advantage of wild apricot germplasms to introduce new characteristics to the cultivated varieties. A cross between wild late and early blooming varieties for early selection of the latest flowering variety in a nursery, which could then be planted in experimental orchards for further selection, could produce new intermediate varieties with late and good quality fruits.
Although some apricot varieties mature as late as September, the fruit quality and nutritional values, such as fruit weight and size-which are important quality traits in fresh fruits-and the total soluble solids ''TSS''-which influence the fruit taste-are sometimes poor. Under favorable weather conditions, some apricot varieties also produce a large number of fruits that will result in many but small fruits at harvest. To prevent this and improve fruit quality in late-maturing varieties, an early removal of some immature and small-sized fruits could be applied. This approach, called fruit thinning, could maximize fruit value by optimizing fruit size, color, shape and quality while maintaining a good balance between tree growth, leave photosynthesis surface and fruit yields (Costa and Vizzotto 2010) . Fruit thinning could be achieved by different strategies, either manually, mechanically or chemically, for example, to inhibit flowering or prevent fruit set or to stimulate the abscission of fruitlets (immature or small fruits) (Webster and Spencer 2000) .
Thus, to benefit better from late harvests physiological parameters that control fruit quality and quantity need to be taken into consideration and combined in any breeding programs. However, this will largely depend on the type of physiological control of fruit numbers, the ability to transport nutrients to developing fruits and the rate of development of young fruits. As leaves are fully expanded about a month after flowering onset, an extension of the maturation timeline would cause some changes in the rate of accumulating nutritional reserves, which might explain the poor organoleptic properties of late maturing fruits in which little sugars are accumulated. Consequently, switching from late and small fruits to late and large fruits require full comprehension of many physiological mechanisms that are still not fully dissected. Extended flowering season (up to late May) and fruit maturity (to September) was recently observed in genotypes growing in the transHimalayan Ladakh region with total soluble solids (TSS) up to 37.9°Brix (Angmo et al. 2017 ) the native genotypes for fruit quality improvement programs worldwide.
As apricot wild types naturally harbor extensive variations in fruit, developmental, and stress tolerance traits, apricot breeding programs should take advantage of such variations to extend apricot flowering and fruiting seasons before they disappear by industrial or human activities ). However, the potential loss of genetic diversity in wild populations is difficult to tackle as most of them are not fully characterized yet. Another important hurdle is that the number of varieties registered in local repositories is decreasing continuously at the expense of a few commercial varieties adopted instead (Bourguiba et al. 2013; Zhang et al. 2014) . The damage here is double: a scientific harm because an important wild germplasm with potential useful traits is getting lost, and an economic harm as potential sources of cold or Sharka resistance characteristics are bypassed. Priority efforts and coordination between various research centers might be necessary to collect and share experience and information to characterize apricot wild type varieties as an attempt toward new domestications and taking advantages of valuable apricot germplasm that could help breeding new late-ripening varieties with good fruit quality for the best agricultural and economic benefits possible.
Conclusion and future perspective
Apricot is an important fruit crop in moderate and cold regions. Its nutritional and pomological value is gaining attention. However, its cultivation and yields are threatened by many biotic and abiotic environmental conditions, such as late spring frosts and viral diseases. A wide range of flowering, fruiting and maturing timescales of apricot makes it possible to combine important agronomical and economic traits to fulfill both farmer and consumer needs. To achieve this goal, the wild varieties of apricot are an important germplasm source to focus on and to improve cultivated cultivars in terms of quality, productivity and adaptation to diverse environmental conditions and nutrients content. Classical and modern breeding approaches based, for example, on crossing, back-crossing, reverse genetics and genetic dissection to better understand early and late flowering and maturing mechanisms are also good research clues in breeding programs to consolidate and select as many desirable traits as possible. The completion of genome sequencing of apricot may also help achieve such goals and better understand the apricot genetic diversity and its relationship with other stone fruit species. Deeping and extrapolating knowledge from other related species on apricot is another venue of interest. We also think that endeavors toward breeding small size apricottrees with late-ripping and high yield traits would be a good objective to focus on. Obviously, this will need to combine traditional and modern breeding approaches to produce the best outcome possible.
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